NASA Technical Memorandum 101543 


STRUCTURAL DYNAMICS DIVISION RESEARCH AND 
TECHNOLOGY ACCOMPLISHMENTS FOR FY 1988 
AND PLANS FOR FY 1989 


(BASA~Tf!-101543) SIB 0C2UBAL CIIABICS 189-15895 

D 111 SIC B BESEABCB AID TECfllClCGY 

ACCCHf 1I5BHBB1S FOB FI 1988 AID FLA IS FOB FY 

1989 (NASA) 197 p CSCi 20D Oiiclas 

G3/02 0189698 


James E. Gardner 


January 1989 


NASA 

National Aeronautics and 
Space Administration 

Langley Research Center 

Hampton, Virginia 23665-5225 


STRUCTURAL DYNAMICS DIVISION 
RESEARCH AND TECHNOLOGY ACCOMPLISHMENTS FOR FY 1988 

AND PLANS FOR FY 1989 

SUMMARY 

The purpose of this paper is to present the Structural Dynamics Division's research 
accomplishments for FY 1988 and research plans for FY 1989. The work under each 
branch (technical area) is described in terms of highlights of accomplishments during 
the past year and highlights of plans for the current year as they relate to five year 
plans and the objectives for each technical area. This information will be useful in 
program coordination with other government organizations, universities, and industry 
in areas of mutual interest. 


ORGANIZATION 

The Langley Research Center is organized into directorates as shown in figure 1. 
Directorates are subdivided into divisions and offices. The Structural Dynamics 
Division of the Structures Directorate consists of five branches as shown on figure 2. 
This figure lists the key people in the division which consists of 66 NASA civil servants 
and 12 members of the Army Aerostructures Directorate, USAARTA, Army Aviation 
Systems Command co-located at the Langley Research Center. Recent changes in 
key positions include the selection of Mr. Irving Abel as Chief, the appointment of Dr. 
Larry D. Pinson as Assistant Chief, the selection of Mr. Rodney H. Ricketts as Head of 
the Configuration Aeroelasticity Branch, the appointment of Mr. Huey D. Carden as 
Assistant Head of the Landing and Impact Dynamics Branch, and the selection of Dr. 
Thomas E. Noll as Head of the Aeroservoelasticity Branch. Each branch represents a 
technical area and disciplines under the technical areas are shown in the figure. 

The division conducts analytical and experimental research in the five technical 
areas to meet technology requirements for advanced aerospace vehicles. The 
research focuses on the long range thrusts shown in figure 3. The Configuration 
Aeroelasticity Branch (CAB), Unsteady Aerodynamics Branch (UAB), and 
Aeroservoelasticity Branch (ASEB) all work in the area of the prediction and control of 
aeroelastic stability and response of aircraft and rotorcraft. The Landing and Impact 
Dynamics Branch (LIDB) conducts research on the crash dynamics of aircraft 
structures and on the technology for improving the safety and handling performance of 
aircraft during ground operations. The Spacecraft Dynamics Branch (SDB) conducts 
research on the prediction and control of the structural dynamic response of complex 
space structures. 


FUNCTIONAL STATEMENT 


The Division conducts analytical and experimental research in the areas of 
aeroelasticity, aeroservoelasticity, unsteady aerodynamics, impact and landing 
dynamics, and spacecraft dynamics to meet technology requirements for advanced 
atmospheric and space flight vehicles. Develops analytical and computational 
methods for predicting and controlling aeroelastic instabilities, deformations, 
vibrations, and dynamic response. Investigates interaction of structure with 
aerodynamics and control systems, landing dynamics, impact dynamics, and resulting 
structural response. Evaluates structural configurations embodying new material 
systems and/or advanced design concepts for general application and for specific 
classes of new aerospace vehicles. Uses a broad spectrum of test facilities to validate 
analytical and computational methods and advanced configuration and control 
concepts. Develops research techniques to demonstrate safety from aeroelastic 
instabilities for new airplanes, helicopters, and space launch vehicles. Test facilities 
include the Transonic Dynamics Tunnel, the General Rotor Aeroelastic Laboratory, the 
Impact Dynamics Research Facility, the Aircraft Landing Dynamics Facility, and the 
Structural Dynamics Research Laboratory. 


FACILITIES 

The Structural Dynamics Division has four major facilities available to support its 
research as shown in figure 4. 

The Transonic Dynamics Tunnel (TDT) is a maximum Mach 1.2 continuous flow, 
variable-pressure wind tunnel with a 16-foot-square test section which uses air or a 
heavy gas (R-12) as the test medium. The maximum Reynolds number obtainable is 
approximately 10 million per foot in heavy gas and 3 million per foot in air. This 
unique "National" facility is used almost exclusively for testing of aeroelastic 
phenomena. Semi-span, side-wall mounted models and full-span sting mounted or 
cable-mounted models are used for aeroelastic studies of fixed wing aircraft. In 
addition, the Aeroelastic Rotor Experimental System (ARES) test stand is used in the 
tunnel to study the aeroelastic characteristics of rotors. The General Rotor Aeroelastic 
Laboratory, located in an adjacent building, is used to setup the ARES test stand in 
preparation for entry into the TDT and for rotorcraft studies in hover. A new TDT Data 
Acquisition System became operational in FY 1988. 

The Aircraft Landing Dynamics Facility (ALDF) is capable of testing various types of 
landing gear systems at velocities up to 220 knots on a variety of runway surfaces 
under all types of simulated weather conditions. The ALDF consists of a 2800 ft. long 
rail system, a 2.0 million pound thrust propulsion system, a test carriage, and an 
arrestment system. Test articles can be subjected to vertical loads up to 65,000 lbs or 
sink rates of 20 ft/sec on a wide variety of runway surface conditions. The facility 
provides for testing at speeds and sizes pertinent to large transport aircraft, fighter 
aircraft, and the Space Shuttle Orbiter. 
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The Impact Dynamics Research Facility is capable of crash testing full-scale 
general aviation aircraft and helicopters under controlled conditions. The facility is a 
220 feet high, 400 feet long gantry structure which is the former Lunar Landing Facility. 
General aviation aircraft and helicopters weighing up to 20,000 lbs can be tested up to 
60 mph using a free-swinging pendulum approach or up to 100 mph with rocket assist. 
Attitudes can be adjusted for desired pitch, roll, and yaw parameters. Impact surfaces 
can be concrete or dirt. High speed motion pictures and 90 data channels are 
available to record the crash event. A vertical test apparatus is attached to one leg of 
the facility for drop-testing structural components. The facility is used to support in- 
house research and other agency programs (Army, Air Force, FAA). 

The Structural Dynamics Research Laboratory (SDRL) is designed for conducting 
research on the dynamic and control response of spacecraft structures. The facilities 
consist of the 16 meter Thermal Vacuum Chamber, Main Backstop Area, and Large 
Component Test Room. These facilities provide a variety of environmental simulation 
capabilities, including acceleration, vacuum and thermal radiation. The Chamber has 
a 55-foot diameter, hemispherical dome with a 64-foot high peak, flat floor and option 
for a large centrifuge or a rotating platform. Access is by an airlock door and an 18- 
foot by 20-foot test specimen door. A vacuum level of 10 torr can be achieved within 
120 minutes and, with diffusion pumps, 1(H torr vacuum can be achieved within 160 
minutes. A temperature variation of 100°F can be obtained in the chamber by using 
250-sq. ft. of portable radiant heaters and liquid nitrogen cooled-plates. The Backstop 
Area is dominated by the 38-foot-high back-stop of I-beam construction. Test areas 
around this fixture are 15 x 35 x 38 feet high and a tower 12 x 12 x 95 feet high. The 
Large Component Test Room is an open room with full environmental control system 
and nominal dimensions of 75 x 84 x 798 feet high. There are various size hoists and 
accessible platforms for suspension systems, instrumentation, and viewing. Closed 
circuit television is available for monitoring research studies. Test articles can be 
excited by several types of actuators and small shakers. State-of-the-art capability is 
available for signal conditioning and processing including GenRad 2515 digital signal 
processing systems and a VAX 1 1 -780/EAI 2000 hybrid computer system for 
simulation and on-line test control. A number of improvements are presently being 
made that will benefit controls/structures interaction research. 

FY 1988 ACCOMPLISHMENTS 

Configuration Aeroelasticitv Branch 

The Configuration Aeroelasticity Branch conducts research (figure 5) to develop the 
aeroelastic understanding and prediction capabilities needed to apply new 
aerodynamic and structural concepts to future flight vehicles and to determine and 
solve the aeroelastic problems of current designs; to evaluate the aeroelastic 
characteristics of new rotor systems; and to determine, analytically and experimentally, 
effective means for predicting and reducing helicopter vibrations. This work is more 
clearly identified in figure 6 which shows the five-year plan of the three disciplines and 
their expected results. 
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The Configuration Aeroelasticity FY 1988 accomplishments listed below are 
highlighted in figures 7 through 25. 

Aircraft Aeroelasticity: 

- Effects of Span Reduction on Flutter of Arrow Wing SST Configurations 
Determined in TDT 

- Flutter Characteristics of Supersonic Cruise Configurations Determined in TDT 

- Effects on F-16 of New Composite Leading Edge Flaps and New Air Defense 
Pylons Studied in TDT 

- Flutter Characteristics of Wing Tip Geometry Studied in the Vigyan Wind Tunnel 

- Flutter Characteristics and Boundaries Defined for Highly Swept Delta Wings 

- Temperature Effects Integrated Into Finite Element Models 

- Transonic Flutter Characteristics of Advanced Composite A-6 Replacement 
Wing Determined in TDT 

- Milstar Radome Tested for Panel Flutter in Transonic Dynamics Tunnel 

- Unusual Torsion Instability Excited By Spoiler Surfaces 

- Atlas-Centaur Large Payload Fairing Model Indicates Flight Vehicle 
Will Be Free of Aeroelastic Problems 

- Supercritical Wing Tested for Flutter on PAPA in the TDT 

- Laser Light Sheet Flow Visualization System Developed for TDT 

- PAPA - A New Wind-Tunnel Mount System for Flutter Research 

Rotorcraft Aeroelasticity: 

- Passive Blade Twist Control Improves Performance of Tilt-Rotor Vehicles 

- TDT Oscillating Flow Field Measured for Helicopter Rotor Gust Studies 

- Motorized Pitch Link Developed for Improved Blade Tracking in TDT 

- Forward Flight Rotor Tracking Characteristics Investigated in TDT 

- TDT Tests Evaluate Performance Characteristics of Advanced Design 
Helicopter Rotor Blades 

Rotorcraft Structural Dynamics: 

- Optimization Approach for Helicopter Vibration Reduction Demonstrated 

- Ground Vibration Test of Helicopter Airframe Identifies Important 
Contributors to Vibratory Response 


Unsteady Aerodynamics Branch 

The Unsteady Aerodynamics Branch conducts research (figure 26) to produce, 
apply and validate through experiments a set of analytical methods for predicting 
steady and unsteady aerodynamic loads and aeroelastic characteristics of flight 
vehicles--with continued emphasis on the transonic range and emerging emphasis on 
high angle maneuvering conditions. Considerations of dynamic vortex-structure 
interactions, dynamic loads and buffet are becoming major areas of interest. This work 
is more clearly identified in figure 27 which shows the five year plan of the branch for 
theory development, experiments, and design methods. 
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A major accomplishment of the year was the release to U.S. industry of the CAP- 
TSD (Computational Aeroelasticity Program - Transonic Small {Disturbance) code. 
The code has been extensively modified to operate on CRAY X-MP computers with 
Solid State Disc storage units, and the applications given in the following figures give 
an indication of its ability to treat a number of situations. The other major 
accomplishment has been the development of higher equation level methods-- 
unsteady Euler equations solver implemented for dynamic unstructured grids. 

The Unsteady Aerodynamics FY1988 accomplishments listed below are 
highlighted in figures 28 through 37. 

Methods Development: 

- Solid State Disc Version of CAP-TSD Developed 

- Strip Boundary Layer Capability Improves Accuracy of CAP-TSD Results 

- Supersonic Far-Field Boundary Conditions Improve Accuracy and 
Efficiency for Aeroelastic Calculations 

- Unstructured Dynamic Grid Method Developed for Aeroelastic 
Analysis with High Level CFD Codes 

- Unsteady Euler Algorithm Developed Based Upon Dynamic 
Unstructured Grid Methodology 

Applications: 

- Wing Torsional Flutter Features Studied with CAP-TSD 

- Rigorous Calibration of Flutter Analysis Methods for Slender Delta Wings 

- Supersonic Flutter of F-20 Horizontal Tail Model Accurately Predicted 

- TSD Potential Code Predicts P-80 Aileron Buzz 

- Analysis of NTF Arc-Sector/Fixed Fairing Indicates Hump Mode Flutter 


Aeroservoelastici tv Branch 

The Aeroservoelasticity Branch (figure 38) conducts research to develop 
methodologies for the modeling, the analysis, and the synthesis of multifunctional 
active control systems; conceives, recommends and performs experiments to validate 
the methodologies; and provides technical support to major NASA flight projects. The 
scope of this work is more explicitly identified in figure 39 which shows the five year 
plan of the three major thrusts and their expected results. 

The Aeroservoelasticity FY 1988 accomplishments listed below are highlighted in 
figures 40 through 49. 

Analysis and Modeling: 

- Minimum-State Approximations of Unsteady Aerodynamics Permits 
Large Order Reduction of Aeroservoelastic Equations 

- Overlap Between SDG and PSD Gust Analysis Methods Established 
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- Matched Filter and Random Process Theories Provide Efficient Options for 
Determining Maximized Time-Correlated Gust Loads 

- Correction Factor Methodologies Developed to Improve 
Predictions of Unsteady Aerodynamics 

Control Law Synthesis: 

- Design of Digital Multi-Input/Multi-Output FSS Obtained for AFW Model 

- Stability Robustness Improved Using Singular Value Constraints 

- Analytical Sensitivities Improve Integrated Structure/Control Law Methodology 

Applications and Validations: 

- AFW Flutter Boundary Lowered by Addition of "Tip Missile" 

- AFW Control System Hardware Layout 

- Analysis Establishes Guidelines for Avoiding Aeroelastic 
Instabilities of X-Wing Aircraft 

Landing and Impact Dynamics Branch 

The Landing and Impact Dynamics Branch conducts research (figure 50) utilizing 
two major facilities, the Aircraft Landing Dynamics Facility (ALDF) and the Impact 
Dynamics Research Facility (IDRF). The landing dynamics group conducts research to 
advance technology for safe, economical all-weather aircraft ground operations 
including the development of new landing gear systems. The group coordinates in- 
house research, grants, and contracts with U.S. tire industry to achieve the technology 
required. The impact dynamics group conducts research to obtain a better 
understanding of response characteristics of generic composite aircraft components 
subjected to crash loading conditions and to develop/enhance analytical tools capable 
of predicting response of composite structures. In-house research, grants and 
contracts are also utilized to achieve the technology to better understand impact 
dynamics and to develop better structural concepts capable of providing energy 
absorption and reduced crash loads. The work of the Landing and Impact Dynamics 
Branch is more clearly identified in figure 51 which shows the five-year plan of the 
disciplines in both landing and impact dynamics along with their expected results. 

The Landing and Impact Dynamics Branch FY 1988 accomplishments listed below 
are highlighted in figures 52 to 62. 

Landing Dynamics: 

- 30 x 1 1 .5 - 14.5, Type Radial Aircraft Tire Program 

- Corduroy Texture Identified as Solution to Spin-Up Wear Damage Problem 
At the Kennedy Space Center Shuttle Landing Facility 

- Orbiter Flat-Tire Landing Model Is Developed 

- Scale Model Test Guide Shuttle Net Arrestment System Development 

- F-106B Airplane Active Control Landing Gear Program 
Nose Gear Drop Tests 

- Runway Friction Workshop 
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Impact Dynamics: 

- Static Response of Composite Fuselage Floor Sections 

! - Model Development For Analysis of Thin-Walled Beams 

\ - Energy Absorbing Characteristics of Composite Subfloor Intersections 

- Scaling Effects in the Large Deformation Bending Response of 
Composite Beams 

- Interim Transportation Overpack Container (ITOC) Experiments and 
Analysis 

i 

1 

Spacecraft Dynamics Branch 

The Spacecraft Dynamics Branch conducts research (figure 63) on the dynamics 
and control of advanced spacecraft. Analytical methods are developed and verified to 
advance the state-of-the-art in large flexible complex space structures such as the U. 
i S. Space Station, earth observation platforms and large area antennas. During the 

past year a large flexible space truss was analyzed and tested in the laboratory 
yielding good correlation with analysis and establishing present limitations in test and 
analysis of very low frequency space structures with closely spaced modes. The 
hardware for researching multibody slewing was assembled this year and analytical 
simulations were performed. Also, a multidisciplinary analytical research tool for linear 
coupled structure and controls simulation was completed and a second research tool 
! for nonlinear coupled kinematic and structural deformation code saw the release of its 

I alpha version. In addition, hybrid scaling laws were developed and verified 

i analytically to allow the construction of a sub-scale space station model which will be 

j used to verify dynamics analysis of a complex space structural system. The design 

and fabrication of this system is now underway. Finally, a major activity involving the 
j advancement of ground test methods for control/structure interaction was initiated 

along with laboratory upgrading necessary to accomplish this goal. The scope of this 
work is more explicitly identified in figure 64 which shows the five year plan of the 
three major thrusts and their expected results. 

I 

The Spacecraft Dynamics Branch FY 1988 accomplishments listed below are 
highlighted in figures 65 through 72. 

Ground Test Methods: 

| - Results of 20 Meter Mini-Mast Ground Test Program 

j - Hybrid Scaling Laws Developed and Validated for Dynamically Scaled 

! Space Station Model 

Optimal Spacecraft Performance: 

- Structural Tailoring Objective Identified for Minimization of Controller 

j Energy in Active Structures 

1 - Completion of Integrated Multidisciplinary Research Tool (IMAT) 

- Effect of Active Truss-Bay Location on Vibration Suppression 

i 

I 

i 
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Multibody Dynamics: 

- Nonlinear Analysis Corrects Conventional Slewing Predictions 

- IMAT Contributions to Space Station Level 2 November Reference 
Data Book 

- Terminal Control of Multibody Maneuver 


PUBLICATIONS 

The FY 88 accomplishments of the Structural Dynamics Division resulted in a 
number of publications. The publications are listed below by organization in the 
categories of journal publications, formal NASA reports, conference presentations, 
contractor reports, tech briefs, and patents. 


Division Office 


Journal Publications: 

1. Abel, I.: Filling the Expertise Gap. Aerospace America, Vol. 26, No. 8, August 
1988, p. 16-17. 

Formal NASA Reports: 

2. Dixon, S. E.; and Gardner, J. E.: Loads and Aeroelasticity Division Research 
and Technology Accomplishments for FY 1987 and Plans for FY 1988. NASA 
TM-1 00534, January 1988. 

3. Pinson, L. D.: Recent Advances in Structural Dynamics of Large Space 

Structures. NASA TM-1 0051 3, October 1 987. 

Conference Presentations: 

4. Abel, I.; and Noll, T. E.: Research and Applications in Aeroservoelasticity at the 
NASA Langley Research Center. Presented at the 16th Congress of the 
International Council of the Aeronautical Sciences (ICAS), August 28- 
September2, 1988, Jerusalem, Israel. ICAS Paper No. 88-5.7.1. 

5. Doggett, R. V., Jr.; and Cazier, F. W., Jr.: Aircraft Aeroelasticity and Structural 
Dynamics Research at the NASA Langley Research Center - Some Illustrative 
Results. Presented at the 16th Congress of the International Council of the 
Aeronautical Sciences (ICAS), August 28 - September 2, 1988, Jerusalem, 
Israel. Paper No. US-22, Session 5.7.2. Also available as NASA TM-1 00627. 
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6. Pinson, L. D.: Recent Advances in Structural Dynamics of Large Space 

Structures. Presented at the Thirty-Eighth International Astronautical Federation 
(IAF) Congress, October 10-17, 1987, Brighton, England. Paper No. IAF-87-51. 
Also available as NASA TM-100513. 

7. Sliwa, S. M.; and Abel, I.: Overview of Dynamics Integration Research in 
Progress at the Langley Research Center. Presented at the Second NASA /Air 
Force Symposium on Recent Experiences in Multidisciplinary Analysis and 
Optimization, September 28-30, 1988, Hampton, Virginia. 

Configuration Aeroelasticitv Branch 


Journal Publications: 

8. Cole, S. R.: Divergence Study of a High-Aspect-Ratio, Forward Swept Wing. 
Journal of Aircraft. Vol. 25, No. 5, May 1988, p. 478-480. 

Formal NASA Reports: 

9. Durham, M. H.; Cole, S. R.; Cazier, F. W., Jr.; Keller, D. F.; Parker, E. C.; Wilkie, 
W. K.; and Doggett, R. V., Jr.: Parametric Flutter Studies of an Arrow-Wing 
Configuration - Some Early Results. NASA TM-1 00608, June 1988. 

Conference Presentations: 

10. Bohlmann, J. D.; Eckstrom, C. V.; Weisshaar, T. A.: Aeroelastic Tailoring for 
Oblique Wing Lateral Trim. Presented at the AIAA, ASME, et al., 29th Structures, 
Structural Dynamics and Materials Conference, April 18-20, 1988, Williamsburg, 
Virginia. AIAA Paper No. 88-2263-CP. 

11. Eckstrom, C. V.; Seidel, D. A.; and Sandford, M. C.: Unsteady Pressure and 
Structural Response Measurements on an Elastic Supercritical Wing. Presented 
at the AIAA, ASME, et al., 29th Structures, Structural Dynamics and Materials 
Conference, April 18-20, 1988, Williamsburg, Virginia. AIAA Paper No. 88-2277- 
CP. Also available as NASA TM-1 00591. 

12. Lake, R. C.; and Nixon, M. W. : A Preliminary Investigation of Finite-Element 
Modeling for Composite Rotor Blades. Presented at the University of Maryland 
and the American Helicopter Society Second International Conference on 
Rotorcraft Basic Research, February 16-18, 1988, College Park, Maryland. In 
Proceedings. Also available as NASA TM-1 00559 and AVSCOM TM 88-B-001. 

13. McMasters, J. J.; Roberts, W. H.; Payne, F. M.; Sandford, M. C.; and Durham, M.: 
Recent Air-Freon Tests of a Transport Airplane in High Lift Configurations. 
Presented at the AIAA 15th Aerodynamic Testing Conference, May 18-20, 1988, 
San Diego, CA. AIAA Paper No. 88-2034. 
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14. Murthy, T. Sreekanta: Optimization of Helicopter Airframe Structures for 

Vibration Reduction-Considerations, Formulations and Applications. Presented 
at the AIAA Aircraft Design, Systems and Operations Meeting, September 7-9, 
1988 in Atlanta, Georgia. AIAA Paper No. 88-4422. 

15. Murthy, T. S.; Kvaternik, R. G.: Studies on Large Scale Optimization of 

Helicopter Airframes for Vibration Reduction. Presented at the Second 
NASA/Air Force Symposium on Recent Experiences in Multidisciplinary Analysis 
and Optimization, September 28-30, 1988, Hampton, Virginia. 

16. Nixon, M. W.: Improvements to Tilt Rotor Performance Through Passive Blade 
Twist Control. Presented at 1988 Army Science Conference, June 21-24, 1988, 
West Point, NY. Also available as NASA TM-1 00583 AVSCOM TM 88-B-010. 

Tech Briefs: 

17. Farmer, M. G.: Hanging Windmills From Cables. NASA Tech Brief LAR-13434. 


Unsteady Aerodynamics Branch 


Journal Publications: 

18. Batina, J. T.: Efficient Algorithm for Solution of the Unsteady Transonic Small- 
Disturbance Equation. Journal of Aircraft . Vol. 25, No. 7, July 1988, p. 598-605. 

19. Gallman, J. W.; Batina, J.T.; and Yang, T. Y.: Computational Transonic Flutter 
Boundary Tracking Procedure. Journal of Aircraft . Vol. 25, No. 3, March 1988, 
p. 263-270. 

20. Hafez, M. M.; Whitlow, W., Jr.; and Osher, S. J.: Improved Finite-Difference 
Schemes for Transonic Potential Flow Calculations. AIAA Journal . Vol. 25, 
No. 11, November 1987, p. 1456-1462. 

21. Howlett, J. T.: Efficient Self-Consistent Viscous-lnviscid Solutions for Unsteady 
Transonic Flow. Journal of Aircraft . Vol. 24, No. 11, November 1987, p. 737-744. 

Formal NASA Reports: 

22. Batina, J. T.; Bennett, R. M.; Seidel, D. A.; Cunningham, H. J.; and Bland, S. R.: 
Recent Advances in Transonic Computational Aeroelasticity. NASA TM-1 00663, 
September 1988. 

23. Whitlow, W., Jr.: Computational Unsteady Aerodynamics for Aeroelastic 

Analysis. NASA TM-1 00523, December 1987. 
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Conference Presentations: 


24. Batina, J. T.: Unsteady Transonic Algorithm Improvements for Realistic Aircraft 
Applications. Presented at the AIAA 26th Aerospace Sciences Meeting, January 
11-14, 1988, Reno, NV. AIAA 88-0105. Also available as NASA TM-100516. 

25. Batina, J. T.: Unsteady Transonic Small-Disturbance Theory Including Entropy 
and Vorticity Effects. Presented at the AIAA, ASME, et al., 29th Structures, 
Structural Dynamics and Materials Conference, April 18-20, 1988, Williamsburg, 
Virginia. AIAA Paper No. 88-2278-CP. Also available as NASA TM-1 00568. 

26. Batina, J. T.; Seidel, D. A.; Bennett, R. M.; Cunningham, H. J.; and Bland, S. R.: 
Steady and Unsteady Transonic Small Disturbance Analysis of Realistic Aircraft 
Configurations. Presented at the Transonic Symposium: Theory, Application, 
and Experiment, April 19-21, 1988, Hampton, Virginia. NASA CP pending. Also 
available as NASA TM-1 00557. 

27. Bennett, R. M.; Batina, J. T.; and Cunningham, H. J.: Wing Flutter Calculations 
With the CAP-TSD Unsteady Transonic Small Disturbance Program. Presented 
at the AIAA, ASME, et al., 29th Structures, Structural Dynamics and Materials 
Conference, April 18-20, 1988, Williamsburg, Virginia. AIAA Paper No. 88-2347- 
CP. Also available as NASA TM-1 00580. 

28. Cunningham, H. J.; Batina, J. T.; and Bennett, R. M.: Modern Wing Flutter 
Analysis by Computational Fluid Dynamics Methods. Presented at the ASME 
Winter Annual Meeting, December 13-18, 1987, Boston, Massachusetts. ASME 
Paper No. 87-WA/Aero-9. Also available as NASA TM-1 00531. 

29. Edwards, J. W.: Computational Unsteady Aerodynamics for Lifting Surfaces. 
Presented at the von Karman Institute for Fluid Dynamics Lecture Series on 
"Unsteady Aerodynamics," April 18-22, 1988, Brussels, Belgium. 

30. Gibbons, M. D.; Soistmann, D. L.; and Bennett, R. M.: Presented at the Fourth 
National Aero-Space Plane Technology Symposium, February 17-19, 1988, 
Monterey, California. In NASP CP-4027, Vol. VI, p. 247-268. 

31 . Mohr, R. W.; Batina, J. T.; and Yang, H. T. Y.: Mach Number Effects on Transonic 
Aeroelastic Forces and Flutter Characteristics. Presented at the AIAA, ASME, et 
al., 29th Structures, Structural Dynamics and Materials Conference, April 18-20, 
1988, Williamsburg, Virginia. AIAA 88-2304-CP. Also as NASA TM-1 00547. 

32. Vinh, L-S.; Edwards, J. W.; Batina, J. T.; and Seidel, D. A.: Transonic Stability 
and Control of Aircraft Using CFD Methods. Presented at the AIAA Atmospheric 
Flight Mechanics Conference, August 15-17, 1988, Minneapolis, Minnesota. 
AIAA Paper No. 88-4374-CP. 
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33. Whitlow, W., Jr.: Application of Unsteady Aerodynamic Methods for Transonic 
Aeroelastic Analysis. Presented at the 16th Congress of the International 
Council of the Aeronautical Sciences (ICAS), August 28 - September 2, 1988, 
Jerusalem, Israel. ICAS No. 88-5.5.3. Also available as NASA TM-1 00665. 

34. Whitlow, W., Jr.: Application of a Nonisentropic Full Potential Method to AGARD 
Standard Airfoils. Presented at the AIAA 26th Aerospace Sciences Meeting, 
January 1 1 -1 4, 1 988, Reno, NV. AIAA 88-071 0. Also as NASA TM-1 00560. 

Tech Briefs: 

35. Seidel, D. A.; Batina, J. T.; and Whitlow, W., Jr.: XTRAN2L: A Program for 
Solving the General-Frequency Unsteady Two-Dimensional Transonic Small- 
Disturbance Equation (Version 1.2). NASA Tech Brief LAR-13899. 

Patents: 

36. Hess, R. W.; Davis, W. T.; and Davis, P. A.: Oscillation Pressure Device for 
Dynamic Calibration of Pressure Transducers. U. S. Patent 4,698,997. Issued 
October 1 3, 1 987. 


A e r oservoe l as tici ty Branch 


Journal Publications: 

37. Zeiler, T. A.; and Weisshaar, T. A.: Integrated Aeroservoelastic Tailoring of 
Lifting Surfaces. Journal of Aircraft . Vol. 25, No. 1, pp. 76-83, January 1988. 

Formal NASA Reports: 

38. Tiffany, S. H.; and Adams, W. M., Jr.: Nonlinear Programming Extensions to 
Rational Function Approximation Methods for Unsteady Aerodynamic Forces. 
NASA TP-2776, July 1988. 

Conference Presentations: 

39. Gilbert, M. G.: Results of an Integrated Structure/Control Law Design Sensitivity 
Analysis. Presented at the Second NASA-Air Force Symposium on Recent 
Experiences in Multidisciplinary Analysis and Optimization, September 28-30, 
1988, NASA/LaRC, Hampton, Virginia. NASA CP pending. 

40. Mukhopadhyay, V.: Digital Active Control Law Synthesis for Aeroservoelastic 
Systems. Presented at the 1988 American Control Conference, June 15-17, 
1988, Atlanta, Georgia. 


41. Mukhopadhyay, V.; Pototzky, A. S.; and Noll, T. E.: Control Law Synthesis and 
Optimization Software for Large Order Aeroservoelastic Systems. Presented at 
the NASA Computational Aspects in the Control of Flexible Structures, July 12- 
14, 1988, Williamsburg, Virginia. 

42. Mukhopadhyay, V.: Digital Robust Control Law Synthesis Using Constrained 
Optimization. Presented at the Second NASA-Air Force Symposium on Recent 
Experiences in Multidisciplinary Analysis and Optimization, September 28-30, 
1988, NASA/LaRC, Hampton, Virginia. NASA CP pending. 

43. Noll, T. E.; and Perry, B., Ill: The Active Flexible Wing Aeroservoelastic Wind- 
Tunnel Test Program - A Status Report. Presented at the NASA Computational 
Aspects in the Control of Flexible Structures, July 12-14, 1988, Williamsburg, Va. 

44. Perry, B.; Buttrill, C. S.; Adams, W. M.; Noll T. E.; Tiffany, S. H.; and 
Mukhopadhyay, V.: The Active Flexible Wing Program - A Status Report. 
Presented at the TTCP HAG-6 Workshop on Active Controls and Structural 
Integrity, Royal Aerospace Establishment, September 28-29, 1988, 
Farnborough, United Kingdom. 

45. Perry, B., Ill; Dunn, H. J.; and Sandford, M. C.: Control Law Parameterization for 
an Aeroelastic Wind-Tunnel Model Equipped With an Active Roll Control System 
and Comparison With Experiment. Presented at the AIAA, ASME, et al., 29th 
Structures, Structural Dynamics and Materials Conference, April 18-20, 1988, 
Williamsburg, Virginia. AIAA 88-2211 -CP. Also available as NASA TM-1 00593. 

46. Pototzky, A. S.; Spain, V.; Soistmann, D.; and Noll, T. E.: Application of 
Unsteady Aeroelastic Analysis Techniques on the National Aerospace Plane. 
Presented at the Fourth National Aerospace Plane Symposium, February, 1988, 
Monterey, California. Also available as NASA TM-1 00648 

47. Pototzky, A. S.; Zeiler, T. A.; and Perry, B.: Matched Filter Theory and Random 
Process Approaches for Computing Maximum Dynamic Responses. Presented 
at the TTCP HAG-6 Workshop on Active Controls and Structural Integrity, Royal 
Aerospace Establishment, September 28-29, 1988, Farnborough, United 
Kingdom. Also available as NASA TM-1 00653. 

48. Wieseman, C. D.: Methodology for Matching Experimental and Analytical 
Aerodynamic Data. Presented at the AIAA/ASME, et al., 29th Structures, 
Structural Dynamics and Materials Conference, April 18-20, 1988, Williamsburg, 
Virginia. AIAA Paper No. 88-2392-CP. 

49. Zeiler, T. A.; and Buttrill, C. S.: Dynamic Analysis of an Unrestrained Rotating 
Structure Through Nonlinear Simulation. Presented at the AIAA, ASME, et al., 
29th Structures, Structural Dynamics and Materials Conference, April 18-20, 
1988, Williamsburg, Virginia. AIAA Paper No. 88-2232-CP. 
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50. Zeiler, T. A.; and Wieseman, C. D.: Aeroelastic Modeling for the FIT Team F/A-18 
Simulation. Presented at the Second NASA-Air Force Symposium on Recent 
Experiences in Multidisciplinary Analysis and Optimization, September 28-30, 
1988, NASA/LaRC, Hampton, Virginia. NASA CP pending. 

Landing and Impact Dynamics Branch 

Journal Publications: 

51 . Daugherty, R. H.; and Stubbs, S. M.: Cornering and Wear Behavior of the Space 
Shuttle Orbiter Main Gear Tire. SAE 1987 Transactions . Vol. 96, Section 6, 
1988, p. 1361-1366. 

52. Davis, P. A.; and Lopez, M. C.: Static Mechanical Properties of 30 x 1 1 .5 - 14.5, 
Type VIII, Aircraft Tires of Bias-Ply and Radial-Belted Design. SAE 198Z 
Transactions. Vol. 96, Section 6, 1988, p. 1367-1377. 

53. Howell, W. E.; and Fisher, B. D.: In-Flight Environmental Effects on Airplane 
Composite Vertical Fin Caps. SAE 1987 T ransactions. Vol. 96, Section 6, 1988, 
p. 1119-1129. 

Formal NASA Reports: 

54. Daugherty, R. H.; Stubbs, S. M.; & Robinson, M. P.: Cornering Characteristics of 
Main-Gear Tire of the Space Shuttle Orbiter. NASA TP-2790, March 1988. 

55. Davis, P. A.; Stubbs, S. M.; and Tanner, J. A.: Langley Aircraft Landing 
Dynamics Facility. NASA RP-1189, October 1987. 

56. Davis, P. A.; and Lopez, M. C.: Static Mechanical Properties of 30 x 11.5 - 14.5 
Type VIII Aircraft Tires of Bias-Ply and Radial-Belted Design. NASA TP-2810, 
May 1988. 

57. Noor, A. K.; and Tanner, J. A.: Advances in Contact Algorithms and Their 
Application to Tires. NASA TP-2781 , April 1988. 

58. Yager, T. J.; Vogler, W. A.; and Baldasare, P.: Summary Report on Aircraft And 
Ground Vehicle Friction Correlation Test Results Obtained Under Winter Runway 
Conditions During Joint FAA/NASA Runway Friction Program. NASA TM- 
100506, March 1988. 

Conference Presentations: 

59. Daugherty, R. H.: Spin-Up Dynamics and Wear Characteristics of the Space 
Shuttle Orbiter Main Gear Tire. Presented at the Clemson University Tire 
Technology Conference, October 28-29, 1987, Greenville, SC. In Proceedings. 



60. Daugherty, R. H.; and Stubbs, S. M.: Cornering and Wear Behavior of the Space 
Shuttle Orbiter Main Gear Tire. Presented at the 1987 SAE Aerospace 
Technology Conference and Exposition, October 5-8, 1987, Long Beach, 
California. SAE Paper No. 871867. 

61. Davis, P. A.; and Lopez, M. C.: Static Mechanical Properties of 30 x 11.5 - 14.5 
Type VIII, Aircraft Tires of Bias Ply and Radical Belted Design. Presented at the 
1987 SAE Aerospace Technology Conference and Exposition, October 5-8, 
1987, Long Beach, California. SAE Paper No. 871868. 

62. Hayduk, R. J. ; Carden, H. D.; and Fasanella, E. L.: Status of Analytical 
Simulation of Aircraft Crash Dynamics. Presented at the AGARD Structures and 
Materials Panel Specialists' Meeting on Energy Absorption of Aircraft Structures 
as an Aspect of Crashworthiness, May 1-6, 1988, Luxembourg. 

63. Howell, W. E.; and Fisher, B. D.: In-Flight Environmental Effects on Airplane 
Composite Vertical Fin Caps. Presented at the 1987 SAE Aerospace 
Technology Conference and Exposition, October 5-8, 1987, Long Beach, 
California, SAE Paper No. 871800. 

64. Jackson, K. E.: Scaling Effects in the Static Large Deflection Response of 
Graphite-Epoxy Beam-Columns. Presented at the American Society for 
Composites Third Technical Conference on Composite Materials, September 26- 
29, 1988, Seattle, Washington. 

65. Noor, A. K.; Andersen, C. M.; Tanner, J. A.: Nonlinear Analysis of Shells of 
Revolution Via Semi-Analytic Finite Elements With Application to Tires. 
Presented at the 1988 Georgia Institute of Technology International Conference 
on Computational Engineering Science (ICES ’88), April 10-14, 1988, Atlanta, 
Georgia. In Proceedings, Volume 1, Section 27.1. 

66. Perez, S. E.; and Lopez, M. C.: Factors Affecting Modulus Measurements in 
Viscoelastic Materials. Presented at the Tire Society Seventh Annual Meeting & 
Conference on Tire Science and Technology, March 22-23, 1988, Akron, Ohio. 

67. Perez, S. E.; and Tanner, J. A.: Experimental Research Supporting the National 
Tire Modeling Program. Presented at the 1988 Georgia Institute of Technology 
International Conference on Computational Engineering Science (ICES '88), 
April 10-14, 1988, Atlanta, Georgia. In Proceedings, Volume 1, Section 27.4. 

68. Yager, T. J.: Tire Friction Performance. Presented at the Goddard Space Flight 
Center/Wallops Flight Facility Tire Friction Colloquium, April 13, 1988, Wallops 
Island, Virginia. 

69. Yager, T. J.: Overview of Joint FAA/NASA Runway Friction Program. Presented 
at Airline Pilots Association Air Safety Forum, Aug 16-18, 1988, Washington, DC. 
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70. Yager, T. J.: Aircraft/Ground Vehicle Friction Measurement Study. Presented at 
the ASTM First International Symposium on Surface Characteristics, June 8-9, 
1988, State College, Pennsylvania. 

Tech Briefs: 

71 . Noor, A. K. (Joint Institute for Advancement of Flight Sciences); Andersen, C. M. 
(College of William and Mary); and Tanner, J. A. (Langley Research Center): An 
Efficient Computational Strategy to Reduce Model Size and Analysis Costs for 
Unsymmetric Tires. NASA Tech Brief LAR-1 381 5. 

72. Yager, T. J.: Increased Tire Hydroplaning Initiation Speed. NASA Tech Brief 
LAR-1 3683. 


Spacecraft D ynamics Branch 


Journal Publications: 

73. Juang, J-N.: Progress on Structural Dynamics and Control of Large Space 

Structures. Journal of Society of Instrument and Control Engineers. Vol. 26, 
No. 10, October 1987, p.905-907. 

74. Juang, J-N.; and Suzuki, H.: An Eigensystem Realization Algorithm in 

Frequency Domain for Modal Parameter Identification. Journal of Vibration. 
Acoustics. Stress, and Reliability in Design . Volume 1 10, No. 1 , January 1988, 
p. 24-29. 

75. Juang, J-N.; Cooper, J. E.; and Wright, J. R.: An Eigensystem Realization 
Algorithm Using Data Correlations (ERA/DC) for Modal Parameter Identification. 
Control Theory and Advanced Technology . Volume 4, No. 1, March 1988, 
p. 5-14. 

76. Juang, J-N.; and Horta, L. G.: Effects of Atmosphere on Slewing Control of a 
Flexible Structure. Aeronautics/Space Technology . No. 3, March 1988, 
p. 96-103. 

77. Juang, J-N.; and Pappa, R. S.: A Comparative Overview of Modal Testing and 
System Identification for Control of Structures. The Shock and Vibration Digest . 
Vol. 20, No. 6, June 1988, p. 4-15. 

Formal NASA Reports: 

78. Jeffrey, G. L.: Post buckling of Laminated Anisotropic Panels. NASA TM- 
100509, October 1987. 



Conference Presentations: 


79. Belvin, W. K.; and Park, K. C.: Structural Tailoring and Feedback Control 
Synthesis: An Interdisciplinary Approach. Presented at the AIAA, ASME, et al., 
29th Structure, Structural Dynamics and Materials Conference, April 18-20^ 
1988, Williamsburg, Virginia. AIAA Paper No. 88-2206-CP. 

80. Gawronski, W.; and Juang, J-N.: Grammians and Model Reduction in Limited 
Time and Frequency Intervals. Presented at the AIAA Guidance, Navigation and 
Control Conference, Aug. 15-17, 1988, Minneapolis, MN. AIAA 88-4087-CP. 

81. Hanks, B. R.: Dynamics Challenges in Large Space Structures. Presented at 
the Marshall Space Flight Center and the U. S. Army Missile Command 58th 
Shock and Vibration Symposium, October 13-15, 1987, Huntsville, Alabama. 
Proceedings pending. 

82. Hanks, B. R.: Some Aspects of the Integrated Design of Structures and Controls. 
Presented at the Second NASA/DOD CSI Technology Conference, November 
17-19, 1987, Colorado Springs, Colorado. Proceedingspending. 

83. Horner, G. C.; and Nimmo, N. A.: Mast Related Test and Analysis Research 
Presented at the Second NASA/DOD CSI Technology Conference, November 
17-19, 1987, Colorado Springs, Colorado. Proceedings pending. 

84. Housner, J. M.: LaRC Computational Structural Dynamics Overview. Presented 
at the NASA /Workshop on Computational Structural Mechanics, November 18- 
20, 1987, Hampton, Virginia. NASA CP pending. 

85. Housner, J. M.; Wu, S. C.; and Chang, C. W.: A Finite Element Method for Time 
Varying Geometry in Multibody Structures. Presented at the AIAA, ASME, et al., 
29th Structures, Structural Dynamics and Materials Conference, April 18-2o' 
1988, Williamsburg, Virginia. AIAA Paper No. 88-2234-CP. 

86. Huang, J-K.; Shen, J-Y; and Pappa, R. S.: Modal Identification Using Single- 
Mode Projection Filters and Comparison with ERA and MLE Results. Presented 
at the USAF/NASA Workshop on Model Determination for Large Scale Space 
Structures, March 22-24, 1988, Pasadena, CA. JPL D-5574, Vol. II, p. 509-523. 

87. Jeffrey, G. L.; and Housner, J. M.: On the Analytical Treatment of Impact in Finite 
Element Modeling. Presented at the AIAA, ASME, et al., 29th Structures, 
Structural Dynamics and Materials Conference, April 18-20, 1988 Williamsbura’ 
Virginia. AIAA Paper No. 88-241 7-CP. 

88. Juang, J-N.; Longman, R.; and Junkins, J. L.: Methods Research Usinq 
Eigensystem Analysis. Presented at the Second NASA/DOD CSI Technoloav 
Conference, Nov. 17-19, 1987, Colorado Springs, CO. Proceedings pending. 


89. Juang, J-N.; Ghaemmaghami, P.; and Lim, K. B.: On the Eigenvalue and 
Eigenvector Derivatives of a Non-Defective Matrix. Presented at the AIAA, 
ASME, et al., 29th Structures, Structural Dynamics and Materials Conference, 
April 18-20, 1988, Williamsburg, Virginia. AIAA Paper No. 88-2352-CP. 

90. Juang, J-N.: Rapid Multi-Flexible-Body Maneuvering Experiments. Presented at 
the 1988 Conference on American Automatic Control Council, June 15-17, 

1 988, Atlanta, Georgia. 

91. Letchworth, R.; McGowan, P. E.; Gronet, M. J.; and Crawley, E. F.: Conceptual 
Design of a Space Station Dynamic Scale Model. Presented at the Second 
NASA/DOD CSI Technology Conference, November 17-19, 1987, Colorado 
Springs, Colorado. Proceedings pending. 

92. McGowan, P. E.; Edighoffer, H. H.; and Ting, J. M.: Structural Dynamics 
Research on Scale Model Spacecraft Trusses. Presented at the Second 
NASA/DOD CSI Technology Conference, November 17-19, 1987, Colorado 
Springs, Colorado. Proceedings pending. 

93. Pappa, R. S.; and Juang, J-N.: Some Experiences With the Eigensystem 

Realization Algorithm. Presented at the Union College and the Society for 
Experimental Mechanics 6th International Modal Analysis Conference (IMAC), 
February 1-4, 1988, Orlando, Florida. In Proceedings, p. 1575-1581. Also 
published in Sound and Vibration, January 1988, p. 30-34. 

94. Pappa, R. S.: Some Instrumentation Requirement Issues for the Space Station 
Structural Characterization Experiment. Presented at the USAF/NASA 
Workshop on Model Determination for Large Scale Space Structures, March 22- 
24, 1988, Pasadena, California. In JPL D-5574, Vol. II, p. 437-473. 

95. Park, K. C.; and Belvin, W. K.: Partitioned Procedures for Control-Structure 
Interaction Analysis. Presented at the ICES-88 Conference, Atlanta, Georgia, 
April 1988. In Proceedings, p. 64.iii.1 - 64.iii.4. 

96. Stockwell, A. E.; Chambers, M. W.; and Cooper, P. A.: An Application of 
MSC/NASTRAN in the Interdisciplinary Analysis of Large Space-Based 
Structures. Presented at the 1988 Macneal-Schwendler Corporation World 
Users Conference, March 21-25, 1988, Los Angeles, California. Paper No. 67, 
In Proceedings, Vol. II. 

97. Sutter, T. R.; Cooper, P. A.; and Young, J. W.: Dynamics and Control 

Characteristics of a Reference Space Station Configuration. Presented at the 
AIAA/NASA Space Station Symposium, April 21-22, 1988, Williamsburg, 
Virginia. AIAA Paper No. 88-2485-CP. 


98. Warnaar, D. B.; and Housner, J. M.: Sensitivity Analysis of a Deployable Three 
Longeron Truss Beam Designed for Minimum Member Loads During 
Deployment. Presented at the AIAA, ASME, et al., 29th Structures, Structural 
Dynamics and Materials Conference, April 18-20, 1988, Williamsburg, Virginia. 
AIAA Paper No. 88-2436-CP. 

99. Williams, T.; and Juang, J-N.: Pole/Zero Cancellations in Flexible Space 
Structures. Presented at the AIAA Guidance, Navigation and Control 
Conference, August 15-17, 1988, Minneapolis, Minnesota. AIAA 88-4055-CP. 

100. Woodard, S. E.; and Housner, J. M.: The Nonlinear Behavior of a Passive Zero- 
Spring-Rate Suspension System. Presented at the AIAA/ASME, et al., 29th 
Structures, Structural Dynamics and Materials Conference, April 18-20, 1988, 
Williamsburg, Virginia. AIAA Paper No. 88-231 6-CP. 

Contractor Reports: 

101. Chun, H. M.; and Turner, J. D.: Large-Angle Slewing Maneuvers for Flexible 
Spacecraft. (NASI -18098) NASA CR-41 23, February 1988. 

Tech Briefs: 

102. Anderson, M. S.; Durling, B. J.; and Herstrom, C. L. (Langley Research Center); 
Williams, F. W.; Banerjee, J. R.; and Kennedy, D. (University of Wales Institute of 
Science and Technology); and Warnaar, D. B. (Delft University of Technology): 
BUNVIS-RG: An Exact Buckling and Vibration Program for Lattice Structures, 
With Repetitive Geometry and Substructuring Options (VAX Version). NASA 
Tech Brief LAR-1 3791. 

103. Anderson, M. S.; Durling, B. J.; and Herstrom, C. L. ; Williams, F. W.; Banerjee, J. 
R.; and Kennedy, D. ; and Warnaar, D. B.: BUNVIS-RG: An Exact Buckling and 
Vibration Program for Lattice Structures, With Repetitive Geometry and 
Substructuring Options (CDC Version). NASA Tech Brief LAR-1 3876. 


FY 1989 PLANS 

The FY 1989 plans for the Structural Dynamics Division are broken out by each of 
the branches (technical areas) and selected highlights of proposed FY 1989 
milestones are presented. 

Configuration Aeroelasticitv Branch 

Figure 73 summarizes accomplishments planned for FY 1989 selected from the 
Branch's broad based research program on dynamic and aeroelastic phenomena of 
aircraft and rotorcraft. 


A large portion of this work is associated with wind-tunnel tests in the Langley TDT 
with companion theoretical studies. Research studies are planned for both rotorcraft 
and aircraft. The rotorcraft studies will use the ARES (Aeroelastic Rotor Experimental 
System) model. Rotorcraft work will focus on applications of advanced aerodynamic 
and structural methodology to new rotor concepts. Aircraft studies will include flutter 
testing of the Advanced Tactical Fighter (ATF), a statically unstable cable mounted 
research model, and ground winds loads testing of the Atlas II launch vehicle. 
Research testing to evaluate several active control concepts on the Active Flexible 
Wing (AFW) is planned for the summer as part of a NASA/Rockwell cooperative 
program. 

The work in finite-element modeling of helicopter structures to improve the 
prediction of vibration characteristics will continue. In-house studies and studies by 
the major airframe manufacturers will be pursued. In addition, the development of 
analysis tools for the design of composite rotor blades is a continuing effort with 
emphasis on the design and testing of extension-twist coupling of rotating tubes and 
blades. 

Highlights of proposed FY 1989 research for the three technical areas of Aircraft 
Aeroelasticity, Rotorcraft Aeroelasticity, and Rotorcraft Structural Dynamics are shown 
in figures 74 through 76. 

Aircraft Aeroelasticity: 

- Aircraft Aeroelasticity 

Rotorcraft Aeroelasticity: 

- Rotorcraft Dynamics and Aeroelasticity 

Rotorcraft Structural Dynamics: 

- DAMVIBS Future Emphasis 


Unsteady Aerodynamics Branch 

For FY 1989 there will be continuing activity in developing computational methods 
to solve nonlinear, unsteady fluid flow equations for application to aeroelastic analysis 
(figure 77). There will be continued applications of the CAP-TSD code to aeroelastic 
response problems in order to further define its range of accuracy. The branch will 
continue to provide support for the code via a contract programmer, and 
documentation of the code will proceed. Flutter and aeroelastic response calculations 
using higher equation level codes will be made, and correlation with potential 
equation solutions will further delineate appropriate regions for the various flow 
solvers. This year will also see key developments in the field of vortex and viscous 
dominated flows and their interaction with aeroelastic response. Research in these 
areas are being carried on with both structured and unstructured grid methodologies. 
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Aeroservoel asticitv Branch 


There are several efforts planned for FY 1989 in the areas of Analysis and 
Modeling, Control Law Synthesis, and Applications and Validations (figure 78). 

In the Analysis and Modeling area, the focus of our attention will be nonlinear 
transonic aerodynamics for ASE (AeroServoElasticity) applications. This activity will 
include analyses for the prediction of the passive (open loop) symmetric and 
antisymmetric flutter boundaries of the Active Flexible Wing (AFW) wind-tunnel model; 
initial studies to develop procedures for performing ASE analyses and evaluations at 
transonic speeds; and investigations to begin the integration of nonlinear, time 
dependent aerodynamics into an ASE design methodology. Studies to evaluate the 
effects of temperature distributions and thermal stresses and gradients on the 
aeroelastic characteristics of hypersonic vehicles will be conducted. Various active 
control concepts which offer the potential for improving the loss of aircraft stability due 
to thermal effects will also be investigated 

In the Control Law Synthesis area, the methodology of using analytical sensitivity 
expressions will be applied to obtain a reduced-order controller for the AFW wind- 
tunnel model. The development of an integrated structure and control law design 
approach based on hierarchal multilevel decomposition and optimization techniques 
will also be initiated. This study will incorporate the analytical sensitivities of an 
optimized structural design and of optimum control law solutions. The effort to develop 
an aerodynamic correction factor methodology based on steady experimental or CFD 
pressures, total aircraft forces or local aerodynamic section properties for use in 
obtaining accurate unsteady force predictions will be completed. 

In the Applications and Validations area, a cooperative effort between LaRC and 
Rockwell International will continue through the first series of wind-tunnel tests on the 
AFW model. The objective of the program is to obtain experimental data for validating 
multipoint and multifunction digital control law analysis and synthesis methodologies. 
Activities will also be initiated to provide preliminary aeroelastic and ASE evaluations 
of the Advanced Launched Systems (ALS) fly-back booster concepts. In the long term, 
this effort will involve the development of aeroelastic parametric trends, the synthesis 
of active systems for controlling aeroelastic response and wind-tunnel tests using both 
semispan and full span, actively controlled, aeroelastic models of the ALS fly-back 
booster. 

Selected highlights of proposed FY 1989 research are listed below and are shown 
in figures 79 through 83. 

Analysis and Modeling: 

- Unsteady Time-Domain Aerodynamic Methods to Expand Existing 
ASE Analysis Capabilities 
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Control Law Synthesis: 

- Reduced-Order Dynamic Controller Design by Multilevel Optimization 

- Integrated Aeroservoelastic Design by Multilevel Optimization 

Applications and Validations: 

- Multi-Year Joint NASA/Rockwell Aeroservoelastic Wind-Tunnel 
Test Program Underway 

- Reusable Flyback Booster Aeroservoelastic Characteristics 
To Be Determined 


Landing and Impact Dynamics Branch 

Figure 84 lists the areas of continuing activity in the landing and impact dynamics 
for FY 1989. The activities include continuation of the development of tire modeling 
strategies through both in-house efforts and University grants. Work will continue to 
develop a data base on the operational behavior characteristics of radial and H-type 
aircraft tires. Efforts will also be focused on research with the active control landing 
gear for the F-106B aircraft with the goal of demonstrating the potential of the active 
control gear during landing and ground operations. The ALDF part of the Runway 
Traction Program will begin in FY 89 as well as the continuation of support for the 
Heavy Rains Simulation tests using the ALDF with the test wing mounted on the 
carriage. 

In the impact dynamics area, various static and dynamic tests will be conducted on 
concepts of composite frames, subfloors, and energy absorbing components for 
potential application in composite aircraft structures. Tests and analysis will be 
completed of scale model studies with composite beams under impact loads which will 
compliment the static data already completed. Additional efforts will continue to 
update the element library in the computer code DYCAST to enhance the composite 
structures analysis capability under crash loads. Additionally, evaluation of other 
computer codes such as DYNA3D and PAMCRASH for applications in composite 
structures analysis will be conducted on the branch's MicroVAX computer. 
Furthermore, initial tests utilizing the composite aircraft fuselage components should 
be underway in FY 1989. 


Spacecraft Dynamics Branch 

During FY 1989, research will continue on controlled multibody analysis and test 
(figure 85). A multibody maneuvering experiment will be completed and comparison 
made with analysis to improve analytical and experimental capability in this area. 
Developments will also be pursued to incorporate learning control into multibody 
dynamics. Version 1.0 of the 3-D Large Angle Transient DYNamics (LATDYN) 
research code for multibody space structures will be available. Applications of 
LATDYN to multibody control/structure interaction test articles will be performed. In 
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addition, research on test methods will be aggressively pursued. Testing of a generic 
space station sub-scale model will be carried out and a hybrid model test will be 
delivered. Moreover, Principal Investigator activities involved in the planning and 
design for getting structural dynamics on-orbit space station data will be initiated and 
the hybrid space station sub-scale model will be utilized to verify data acquisition 
procedures. Finally, an initial phase, large scale, control/structure interaction test 
model will be installed in the SDRL and tests begun. 


CONCLUDING REMARKS 


This publication documents the FY 1988 accomplishments, research and 
technology highlights, and FY 1989 plans for the Structural Dynamics Division. 
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CONFIGURATION AEROELASTICITY 
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Mach number Mach number 

Figure 7 (d). 
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will be performed before these modifications enter service. 
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Significance - The test results showed that shortening the elastic axis of a swept wing increases the flutter dynamic 
pressure in a similar manner to that of shortening the span of a swept wing. 

Future Plans - The Vigyan Wind Tunnel was beneficial to these flutter studies and will be considered in the future for 
similar studies of simple wing models. 
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being a limit cycle oscillation. 

Future Plans - Models are currently under construction for testing of all-movable (free in pitch and plunge) delta 
wings. Models are also under construction to investigate delta wing control surface buzz. Beyond these tests, plans 
include investigating full-span wing-fuselage flutter models with delta wings. 
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MACH NUMBER MACH NUMBER 
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configurations which could include numerous possible temperature states. 

Future Plans - This method will be used in the aerothermoelastic analysis of NASP conceptual configurations to 
asses flutter trends and the incorporation of active controls. Convenient methods of predicting aerodynamic heating 
rates and temperature distribution within a hypersonic vehicle are being studied. 
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- Wind-tunnel flutter testing is complete. 



TRANSONIC FLUTTER CHARACTERISTICS 
OF ADVANCED COMPOSITE REPLACEMENT WING 
FOR A -6 DETERMINED IN TDT 
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Future Plans - No additional wind tunnel tests are planned. 


MILSTAR RADOME TESTED FOR PANEL FLUTTER 
IN TRANSONIC DYNAMICS TUNNEL 
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Figure 13 (b). 
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UNUSUAL TORSION INSTABILITY 
EXCITED BY SPOILER SURFACES 
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Area, in Mach number 

Effect of spoiler area Spoiler height effect on flutter 

on torsion instability and torsion instability 

Figure 14 (b). 
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suitability for publishing as a NASA paper. 


ATLAS-CENTAUR LARGE PAYLOAD FAIRING MOD 
INDICATES FLIGHT VEHICLE WILL BE FREE OF 



Mach number 
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Figure 16 (a). 


SUPERCRITICAL WING TESTED FOR 
FLUTTER ON PAPA IN TDT 



Figure 16 (b). 
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LASER LIGHT SHEET FLOW VISUALIZA TION 
SYSTEM DEVELOPED FOR TDT 
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• Vapor generator 
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Significance - The PAPA provides a means for testing structurally simple and relatively inexpensive flutter models to evaluate effects of 
aerodynamic changes on flutter. Results so obtained are invaluable to assessing the accuracy of new unsteady aerodynamic theories and 
aeroelastic analysis methods. 

Future Plans - The PAPA system has been added to the inventory of research tools available for conducting aeroelastic tests in the TDT and will 
be used in a variety of parametric studies of flutter phenomena. 



Figure 18 (b). 
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Future Plans - As discussed above, the current effort divided the design process into three steps. A follow-on effort is planned which will 
optimize the performance directly using one procedure that ties all the design steps together. 


PASSIVE BLADE TWIST CONTROL IMPROVES 
PERFORMANCE OF TILT-ROTOR VEHICLES 
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Linear Twist, deg | Hover Forward Flight 

Figure 19 (b). 
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Future Plans - Tests will be conducted with the ARES model installed and the gust vanes operating to determine 
helicopter rotor gust responses. 
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Future Plans - Additional forward flight testing in the TDT to examine some previously observed flapping characteristics in detail is planned for 
the near future. Results of these tests will be documented in a NASA formal publication. 
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Figure 22 (b) 
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STRIPPED-DOWN AIRFRAME 


UNSTEADY AERODYNAMICS BRANCH 
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Figure 26. 
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Figure 27. 
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Figure 28 (b). 
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Future Plans - Applications of the CAP-TSD viscous computer code are underway to determine the limits of validity of 
the improved method. These applications will include 3-D configurations with moderate amounts of flow separation. 


STRIP BOUNDARY LAYER CAPABILITY IMPROVES 
ACCURACY OF CAP-TSD RESULTS 
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Figure 29 (b). 


SUPERSONIC FAR-FIELD BOUNDARY CONDITIONS IMPROVE ACCURACY AND EFFICIENCY 

FOR AEROELASTIC CALCULATIONS 
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Future Plans - More calculations for steady as well as unsteady cases will be done to further assess the supersonic 
boundary conditions. 



SUPERSONIC FAR - FIELD BOUNDARY CONDITIONS IMPROVE 
ACCURACY AND EFFICIENCY FOR AEROELASTIC CALCULATIONS 

• Inhibits contamination of solutions by boundary reflections 
• Smaller grids • Reduced costs 
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Figure 30 (b). 
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aerodynamic analysis of a supersonic fighter configuration. 



Figure 31 (b). 
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Figure 32 (a). 


UNSTEADY EULER ALGORITHM DEVELOPED BASED UPON 
DYNAMIC UNSTRUCTURED GRID METHODOLOGY 



82 


Figure 32 (b). 
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Figure 33 (b). 


RIGOROUS CALIBRATION OF FLUTTER ANALYSIS METHODS 
FOR SLENDER DELTA WINGS 
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Significance - The results show that fairly good agreement between calculated flutter boundaries and experiment can 
be achieved for highly swept delta wings in subsonic and supersonic flows. 

Future Plans - Further calculations involving more complicated flows and geometries are planned using CAP-TSD 
and codes based on higher equation levels. 
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Figure 34 (b) 
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involved in aileron buzz and to investigate quantitative methods for the prediction of buzz onset. 
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ANALYSIS OF NTF ARC-SECTOR/FIXED FAIRING INDICATES HUMP MODE FLUTTER 
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the vibrations will be proposed and analyzed. 


ANALYSIS OF NTF ARC - SECTOR / FIXED FAIRING 
INDICATES HUMP MODE FLUTTER 
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Figure 37 (b). Damping, rad/sec 
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Figure 39. 



MINIMUM-STATE APPROXIMATIONS OF UNSTEADY AERODYNAMICS PERMITS LARGE 
ORDER REDUCTION OF AEROSERVOELASTIC EQUATIONS 
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Alabama in April 1989. Analyses will be performed to provide low order models of the Active Flexible Wing wind-tunnel model for simulation and 
design. After the wind-tunnel tests, results using these models will be compared to the experimental data for validation. 


MINIMUM-STATE APPROXIMATIONS OF UNSTEADY AERODYNAMICS 
PERMITS LARGE ORDER REDUCTION OF AEROSERVOELASTIC 

EQUATIONS 
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OVERLAP BETWEEN SDG AND PSD GUST ANALYSIS METHODS ESTABLISHED 


o CO 
<D (0 

-m 

O g 

£ * 

£> % 
co C 
CD o 

« 8 - 
<D CO 

IT £ 


is I® 

h SIJ 

<D <3 

© "O c 
O 

, CL^ O 


ra'o ^ 
Ego° 

TJ°-‘ 

o -Q n3 

,® ro ® 
E 0 a) 

CD Q “ 
§ w -2 
CD "U 

E -c o 

|rs 

^ CD 

» g-E 
; g 03 -c 

g £ CO 
Q_ CD 
» w « F 

Eel 

CD^- 

BB £ 

CO C 
; £ y O 

^ S Q. 
0)2 « 
c: cl cd 

1 c cl 

I CO cO O) 

i Er^ 


e E £ 
P^E 

iog. 

C - E 
® ® o 
E E o 

: CO ^ -n 

“ (D? 
CD £ CO 
': •£ O w 

'^® | 
: .® ~ co 
! "E E ^ 
i $2o> 


CD CO w 
O C ^ 
3 O 03 
"D Q- ^ 
O to ^ 


■ootrocDCD-sa) 

fss 5 ®s?s 

c co co 

o 5>.2 c5 03 5 to 

l«fg?£ 5 S 

0 ) n£.i 2 m 


o CD >,-i ~ W 

E « c c co ~o 

- c 5 5 w ® 

“ 8 - E < T3-^ 

E w . c 5 <D 

© © CO Or b 

5 o s .s g 8 

TS § £ < CD E 

r= c tz 7S n - 4 = 


I sap 

l 


5 ® 8 | 2 
£ E cb £< 
_Ci E -< 

co Q ^ 


■o' 05 Q) ^/) O) 


£ _ -o 0) .E — ♦= 

-— CD (O q>_c“q CD r - 
O" -i— qj Li- r™ q> O 

2 .E 0 ) . >> o 


cd c q . >> >^o 

E £ £ -q *♦- *55 40 


ioa)$‘^S' 2 </) ‘co 


• 5.=5 *** 2 $ 


LO _ _ o 


5 otr E t 


<lc^ 88 & 

^E £ jo 

So^s:eo: 

' 0 Q?c'l~§^fc 

g. CD 55 ® Q-^o c5 

C/) £ E 3 fc CD to (- 

— ' — C O O) c £ 

cn ® w !3 ° S S . 

2 3 5 ^°fflto 


,c?.2 w — CD E e 


co .co — Z) a> *; 

^ ^ /i\ rrt *r^ 


Q- 03 03 CO P 1 

to 0 ) 03 

cz p a> ^ ro 

2 ^ "o 

(0 c j? ® a 

=>|£|E 

CD CO T3 § ® 


_ CO CD E O 5 £ 


CDqjJD ’qOO 
X 5 f= ^ X 3 -E c >-° 
.®«£gEcooco 

i 2 * - CD Q- o ~n 

s^ssiis- 

! Ill i*ii- 

IS IS to 't= 3 g < JS 
CWOgogU-O 

d 3 Eco2ocdcd 

W).^E®EEE 


Future Plans - Because the results of the NASA investigation indicate some deviation from the 10.4 factor, the FAA 
has requested further NASA investigation into a refinement of the SDG method which the developer claims will yield 
ratios closer to 10.4. NASA is performing this work now and a final report will be prepared and presented to the FAA in 
April, 1989 and will also be presented at the 1989 AIAA Structures, Structural Dynamics and Materials Conference. 


Overlap Between SDG and PSD Gust Analysis 

Methods Established 


•|0oov VBA pqmo 
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MATCHED FILTER AND RANDOM PROCESS THEORIES PROVIDE EFFICIENT OPTIONS FOR 
DETERMINING MAXIMIZED TIME-CORRELATED GUST LOADS 
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Filter Theory for generating time-correlated gust load responses for systems with embedded nonlinearities is also 
planned. 


MATCHED FILTER AND RANDOM PROCESS THEORIES 
PROVIDE EFFICIENT OPTIONS FOR DETERMINING 
MAXIMIZED TIME-CORRELATED GUST LOADS 
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• APPLICABLE TO WIDE RANGE OF DYNAMIC RESPONSE PROBLEMS 

• NEW ANALYSIS OPTIONS FOR THE STRUCTURAL DESIGN ENGINEER 
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Future Plans - The validation of the section property matching methodology will be completed. Validation of the total force method will be 
conducted using the F-18 aircraft as a test case. 


CORRECTION FACTOR METHODOLOGIES DEVELOPED TO 
IMPROVE PREDICTIONS OF UNSTEADY AERODYNAMICS 

Typical Aerodynamic Box Layout Comparison of Steady Experimental and 

J Analytical Pressure Data, M=.4 
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Figure 43 (b). 
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Future Plans - The control laws are to be redesigned using the latest updated model data for symmetric and 
antisymmetric flutter suppression in the analog and discrete domain. Load alleviation control law development is also 
being planned. 


DESIGN OF DIGITAL MULTI-INPUT/MULTI-OUTPUT 

FSS OBTAINED FOR AFW MODEL 
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o No Gain Scheduling Required with Dynamic Pressure 
o Guaranteed MIMO Stability Margins 

Figure 44 (b). 
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PRECEDING PAGE BLANK NOT FILMED 


Future Plans - The procedure will be used for the Active Flexible Wing (AFW) flutter suppression control law synthesis 
and optimization tasks. 


SYNTHESIS METHODOLOGY DEVELOPED FOR 
DIGITAL ROBUST CONTROL LAWS 
USING CONSTRAINED OPTIMIZATION 
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Aileron Deflection Within max limit 






STABILITY ROBUSTNESS IMPROVED 
USING SINGULAR VALUE CONSTRAINTS 
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LOG FREQUENCY, RAD/SEC 
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Future Plans - The LQG control law design sensitivity analysis methodology will be combined with a multilevel structural optimization method to 
complete the development of a realistic integrated structure/control law design capability. 


ANALYTICAL SENSITIVITIES IMPROVE INTEGRATED 
STRUCTURE/CONTROL LAW METHODOLOGY 

o Developed Analytical Expressions for the Sensitivity of Optimal LOG 
Control Laws to Physical Parameters 
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Figure 46 (b). 


AFW FLUTTER BOUNDARY LOWERED BY ADDITION OF "TIP MISSILE 
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Future Plans - Wind tunnel tests are scheduled to begin in August 1989. A status report of the project will be 
presented at the AIAA Structures, Structural Dynamics and Materials Conference to be held at Mobile, Alabama in April 
1989. 
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Mach Number 


AFW CONTROL SYSTEM HARDWARE LAYOUT 
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quickly for use in future projects. 

Future Plans - The AFW digital controller will begin near-real time simulation in the Spring of 1989; the AFW wind 
tunnel model will undergo testing in the 16-foot Transonic Dynamics Tunnel in August 1989 at which time digital active 
flutter suppression and rolling maneuver load alleviation systems will be evaluated. 



AFW Control System Hardware Layout 
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NASA/ROCKWELL INTERFACE DIGITAL CONTROLLER 
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ANALYSIS ESTABLISHES GUIDELINES FOR AVOIDING 
AEROELASTIC INSTABILITIES OF X-WING AIRCRAFT 
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Rotor/Total Vehicle Mass Ratio A Stiffness Cross-Coupling 

Figure 49 (b). 
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Also, free-rolling and antiskid braking tests up to 160 knots and 9° yaw angle will be conducted on the track. 





FORE-AND-AFT SPRING-RATE CURVE 

Radial-belted tire 
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Fore-and-aft deflection, in. 


FORE-AND-AFT SPRING-RATE CURVE 

Bias-ply tire 



Fore-and-aft deflection, in. 



CORDUROY TEXTURE IDENTIFIED AS SOLUTION TO SPIN-UP WEAR DAMAGE PROBLEM 
AT THE KENNEDY SPACE CENTER SHUTTLE LANDING FACILITY 
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PRECEDING PAGE BLANK NOT FILMED 


Future Plans - Evaluate the KSC modified runway friction and wear characteristics with the ITTV. 


AERIAL VIEW OF KSC SHUTTLE LANDING FACILITY 

APPROACH END R/W 15; MAY 1988 


Ui\iGiN’AL FACIE 83 

0F. POOR QUALITY 
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Figure 53 (b). 


NASA KSC SHUTTLE LANDING FACILITY 



TRANSVERSELY GROOVED LONGITUDINAL GRINDING 

174 X 1/4 X 1 1/8 IN. 4 1/2 BLADES/IN., CORDUROY FINISH 




Robert H. Daugherty 
Landing and Impact Dynamics Branch 
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Figure 54 (b). 
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Figure 56 (a). 
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Figure 58 (a). 
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Figure 58 (b) 
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ORIGINAL PAGE IS 
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Figure 58 (d). 
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Figure 59 faL 
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ENERGY ABSORBING CHARACTERISTICS OF COMPOSITE SUBFLOOR INTERSECTIONS 
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Figure 61 (a). 




Figure 61 (b). 
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Figure 64. 
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Future Plans - Mini-Mast will serve as the first ground testbed at LaRC for the Controls-Structures Interaction (CSI) program. Torque actuators will 
be mounted at the tip, and used to evaluate the performance of active-vibration-control techniques. Eight CSI Guest Investigators (5 Universities, 
3 Aerospace Companies), as well as individuals from DFVLR (W. Germany), will participate over the next two years in additional research activities 
with Mini-Mast. 


MINI-MAST 20- M GROUND TEST ARTICLE 



OF; POOR QUALITY 


Frequency, Hz 





NONLINEAR ANALYSIS CORRECTS CONVENTIONAL SLEWING PREDICTIONS 
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Future Plans - Utilize this example as a benchmark tor future analytical developments and extend to active vibration 
suppression of slewing booms. 


NONLINEAR ANALYSIS CORRECTS 
CONVENTIONAL SLEWING PREDICTIONS 
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STRUCTURAL TAILORING OBJECTIVE IDENTIFIED FOR MINIMIZATION OF CONTROLLER ENERGY 

IN ACTIVE STRUCTURES 


o 25 

E~'o 

o £ o 

© © ° 
>- C ™ 


£000 
§ " « w 

1 > -C _ CO 

, o a® j 
’ "<5 Q-o >* 

1 I- o O) 

| O)? o ® 

g-g 'co g 
-O 13 0 w 
a,2S| 

= .<2 ® S 

c 

P O - o 
■F 0 >,0 

W Sin 
® « E 0 

.> ® co ® 


,g> o c s. 

w _ a> X 

L-g 5S ® 

3z © 

SS-E o) 
{£ O a) C 
>» -+-? •— 
W © W .N 

_T“ 

oh w.E 

a> c 

c • -£= E 
o c 
o c © © 
-- (U N- 
5 $ cl‘F -c 


■£ o g 12 

'lill 

O to 5 g> 

© _C 

® £ .52 cr 
~ ® 

d) ® o 2 


m ^ k. _ 

> <0 o ® o 
~ -D O .E a 

o c ® o s 
® o -c = ® 

■*- CO ® 

£ 2 £ r E 

^2 ° ®5 
O -p o>t3 § 

® E 

DC a 3 o £ 5 


CO 03 03 
r L »- 

o 2 3 ■ 

■^00 

c 13 Z> 

© i= i= . 
> © © • 

o 0 )> 

o ° 
c> o . 

+Z O) 

C C © L 


T3.E - E : 
^ LLJ o j 
g»= ” : 

•.= EP ® < 
-o w Q. , 
. 05 ® g-J 

0 ) ® 0 ) H 

5 K® ! 

!Ss= 

t> *- w 1 

50c: 

£ B .2 

w 5t5 = 

g»8\§i 

-Q © O h 

E -o o. : 

® CO o j 
>> = -2 < 
*© O X 3 1 
■Q 

© 03 © h 
^ CD O ^ 

§.£ o ( 
“o - 1 © j 

O 03 — ! 
0 C "O J 
© > jl> I 

go-Q- 

> C CO 

r: ^ c ' 
c © 
0)U { 

© O c _ 

® £ .95. 

"U © © 
^ C CD 

^ C -Q 

CO w — . 

.E w 2 

.& 5 | 

»£.S- 

T? ©DC 

||3 

” c 0 . 
C or 
< o +- - 

■ ® ° 
£-00 

o ® w 

§ Hi 

Q ±; £= 
Q 3 03 

<|EE 


a) c _c 


|~gllf| . o 

lS = ;;o^s '■§ 
I.ES’g^^g-D £ 
.EOfeNBBOTo ® 

D)x .i w 0 ) «.E 73 

’ £ |isj 2 §?i ® 

1 . -g jT E ® 2 c -o 
® TO -n _ .E 5 E c ^ ca 

> 4 -- U x; ‘f- r— c: 

•£ CD o © © 

, 0 O £ CD ^ ^ > 

X Jt CL— ^ 5 

-Q >■_ © 7 ^ © _c i 5 

o a c 0 a>^- 
oe.o)co©>, q 

CQ. 03©0 0 0 ) S 

ra^tr-Q^o c 

o 03 - 9 ^ oj O c o 

•r: © X) ^ "m ^ © 

® --r|zo £-2 - 

•I®o-§£«c o 


s § 

a)Cino®2®® 

^ 0 «^;C=I^O. 


ra -oH 
</) c 


2 ^ 5 .^ 


o^-2£| ffl E^ 

^■^•| 5 ow.EiS |8 

co ® S ® 2 « p > g, 
D > w£ D.E o (0 0 ).^ 

^■OQ-c St^C O) 0 
£ O — 03 .©'E c_ o 

l^-g >>2 ® CO |--§ £ 

^E>2-r c 

Q)W- 2 ®CJ^. 05 CDg® 

aD®cE 2 a)Es 

E> w w®2®°o* J . 

5 T 3 '-O -o E, F >- 

1 - a> c +- .E 5 g w ■£ ® 

2'Oo2w-o®®E$ 

S.| i.£g | 

5 -5 = 1 ^ i ?■§ & 

w ®.2 1 - '£ ai 2? 

co“|Ee'« 

9 o' 0 o ^ "o -E 3 cd 5 
sn ® o ® c w a !r, 
||o 5-g E Ss ®| 

<IhIe«^>e8 


® JJ ® -j-; 

15 § § 

2® <0 t3 


158 


STRUCTURAL TAILORING OBJECTIVE IDENTIFIED 
FOR MINIMIZATION OF CONTROLLER ENERGY IN ACTIVE STRUCTURES 



159 


Figure 67 (b). 
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Future Plans - Updated models prepared by the space station contractors for Level 2 will be obtained, and 
structures/control interaction with a basic attitude control system and a nonlinear reboost procedure will be 
evaluated. 
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RESPONSE OF STBD TRANSVERSE BOOM TIP 
TO HARMONIC EXCITATION AT RCS LOCATIONS 
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Figure 69 (c). 
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Significance - Hybrid scaling is a high potential approach for developing a dynamically scaled Space Station model 
such that a realistic test article can be obtained for developing test and suspension techniques required for verifying 
analytical models. This model should also provide a test-bed to support the verification of Space Station on-orbit dynamics. 

Future Plans - Complete the design of hybrid-scale Space Station components using the current baseline Space Station 
design. Fabricate, assemble and test the scale model in various configurations to verify analytical predictions. 



HYBRID SCALING LAWS DEVELOPED AND VALIDATED 
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Future Plans - Perform laboratory experiments to validate designs and analytical simulations, and examine/compare 
other promising nonlinear design methods. 



Figure 71 (b). 
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Future Plans - This analysis will be extended to study the active truss bay actuator’s effectiveness in controlling a free- 
free beam. Three-dimensional active truss bay actuators will also be studied, using linear and nonlinear techniques. 
The results of these analyses will be compared with results from existing experimental active truss bay set-ups. 


EFFECT OF ACTIVE TRUSS BAY LOCATION 
ON VIBRATION SUPPRESSION 
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TIME(SEC) TIME(SEC) 

Figure 72 (b). 
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PRECEDING PAGE BLANK NOT FILMED 


Complete GVT of Bell ACAP Difficult-Components Airframe 
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Figure 74 (a). 
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Figure 74 (b). 
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of reducing fixed-system vibratory loads. 


ARES TEST BED EVOLUTION 



Figure 75 (b). 
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Development of better finite elements such as those for describing non-linear characteristics of tapered beams will be 
continued. Studies on improved representation of damping will also continue. 


DAM VI BS FUTURE EMPHASIS 
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Figure 76 (b). 
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DEVELOP CAPABILITY FOR AEROELASTIC ANALYSIS OF 
VORTEX DOMINATED AND BUFFETING FLOWS 
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UNSTEADY TIME-DOMAIN AERODYNAMIC METHODS TO EXPAND 
EXISTING ASE ANALYSIS CAPABILITIES 
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REDUCED-ORDER DYNAMIC CONTROLLER DESIGN BY MULTILEVEL OPTIMIZATION 
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Figure 80 (a). 


REDUCED ORDER DYNAMIC CONTROLLER DESIGN 

BY MULTILEVEL OPTIMIZATION 
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Analytical sensitivity expressions currently being formulated 
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Figure 81 (a). 



INTEGRATED AEROSERVOELASTIC DESIGN 
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Figure 81 (b). 
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Figure 82 (a). 
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Figure 83 (b). 
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Figure 85. 
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